Sleep disturbance is a common symptom in institutionalized older adults that reduces their quality of life and may contribute to progression of cognitive impairment. While we found that a 7-week combination of resistance training, walking and social activity significantly improved sleep in institutionalized older adults compared with a usual care control group, no one to our knowledge has determined the acute effects of resistance training on same-day sleep in this population. Given the effort required to promote exercise adherence in institutionalized older adults and to obtain a positive training effect, understanding of the acute effects of resistance training on same-day sleep architecture should be elucidated, especially with respect to unintended consequences. This secondary data analysis assessed if resistance training altered the same-day sleep architecture in institutionalized older adults. Forty-three participants (age 81.5 AE 8.1 years, male = 17, female = 26) had two attended overnight polysomnography tests in their rooms for sleep architecture analysis; one polysomnography with same-day resistance training, one without any resistance training. Resistance training consisted of chest and leg press exercises (three sets, eight repetitions, 80% predicted one-repetition maximum). There were no significant changes in sleep architecture between either polysomnography nights; sleep efficiency (P = 0.71), time in non-rapid eye movement stages (P = 0.50), time in rapid eye movement stages (P = 0.14), time awake (P = 0.56), time until sleep onset (P = 0.47), total sleep stage shifts (P = 0.65) or rapid eye movement sleep stage latency (P = 0.57). Our results show no acute same-day effects of resistance training on sleep architecture in institutionalized older adults.Clinical Trial Registration ClinicalTrials.gov Identifier: NCT00888706.
SUMMARY
Sleep disturbance is a common symptom in institutionalized older adults that reduces their quality of life and may contribute to progression of cognitive impairment. While we found that a 7-week combination of resistance training, walking and social activity significantly improved sleep in institutionalized older adults compared with a usual care control group, no one to our knowledge has determined the acute effects of resistance training on same-day sleep in this population. Given the effort required to promote exercise adherence in institutionalized older adults and to obtain a positive training effect, understanding of the acute effects of resistance training on same-day sleep architecture should be elucidated, especially with respect to unintended consequences. This secondary data analysis assessed if resistance training altered the same-day sleep architecture in institutionalized older adults. Forty-three participants (age 81.5 AE 8.1 years, male = 17, female = 26) had two attended overnight polysomnography tests in their rooms for sleep architecture analysis; one polysomnography with same-day resistance training, one without any resistance training. Resistance training consisted of chest and leg press exercises (three sets, eight repetitions, 80% predicted one-repetition maximum). There were no significant changes in sleep architecture between either polysomnography nights; sleep efficiency (P = 0.71), time in non-rapid eye movement stages (P = 0.50), time in rapid eye movement stages (P = 0.14), time awake (P = 0.56), time until sleep onset (P = 0.47), total sleep stage shifts (P = 0.65) or rapid eye movement sleep stage latency (P = 0.57). Our results show no acute same-day effects of resistance training on sleep architecture in institutionalized older adults.Clinical Trial Registration ClinicalTrials.gov Identifier: NCT00888706.
IN TROD UCTI ON
Aging is a multidimensional physiological, psychological and social change. Amongst the various changes, adjustment to the variation in the quantity and quality of restorative sleep can be most difficult for older adults. There is a wide continuum of age-related changes in sleep architecture ranging from decrements in the percentage time spent in rapid eye movement (REM) sleep to gradual linear reduction of slowwave sleep (SWS; Ancoli-Israel et al., 1991) . From middle age into late life, an average decrease of 27 min per decade in total sleep time (TST) has been reported. Sleep disturbances are even more prevalent and severe in older adults residing in nursing care facilities as a result of sleep-disruptive environmental elements like excessive noise, increased light, and the presence of other residents and staff members (Koch et al., 2006) . Because of the side-effects and fall risks of conventional pharmacological therapy, alternative sleepenhancing interventions such as physical exercise have demonstrated effectiveness (Driver and Taylor, 2000; Herrick et al., 2014; Passos et al., 2010; Richards et al., 2011; Youngstedt, 2005) . We previously demonstrated that 7 weeks of exercise and social activity was effective in improving sleep quality of institutionalized older adults on the day of exercise (Richards et al., 2011) . In addition, we also demonstrated that 7 weeks of resistance training and light walking reduced the severity of obstructive sleep apnea in the same group of institutionalized older adults (Herrick et al., 2014) . However, despite the positive effects of chronic resistance exercise on sleep and sleep disorders, it is not ª 2017 European Sleep Research Society clear if an acute exercise bout improves or disrupts sleep, because the 2 nights of PSG, which included both an exercise and non-exercise night, were averaged in the previous analysis. Therefore, this secondary data analysis will investigate if an acute session of resistance training altered the same-day sleep architecture in institutionalized older adults.
MATERI ALS AND METHODS

Study design and participants
For this secondary data analysis, we used the data of a randomized controlled trial that was a four-arm pre-test-posttest experimental study (Richards et al., 2011) . In this 7-week trial, we initially examined the effects of resistance training and social activity on total nocturnal sleep time in 193 institutionalized older adults. IRB approval was obtained from the university. All reported measures were conducted from 2002 to 2008. Out of 379 residents approached in 10 nursing homes and three assisted living centres in Little Rock, Arkansas, USA, 355 (93.6%) consented to be in the study. Exclusion criteria are described in great detail in Richards et al. (2011) . The present secondary analysis is a within-subject design. Participants who had the resistance training exercise exposure and underwent 2 overnight polysomnography (PSG) tests in their rooms for sleep architecture analysis [one PSG with same-day resistance training (EX), one PSG without any resistance training (NE)] served as eligible participants for our secondary analysis. There was no social activity or light walking on either day of the PSG tests. This analysis is only investigating the effects of high-intensity resistance training on same-day sleep architecture. Two nights of PSG data, consisting of both a night following and not following resistance training, were available for 43 of 55 participants originally assigned to the exercise intervention group, and provided the data used in this analysis. Fig. 1 summarizes the patient flow in the recruitment process through the clinical trial.
Study procedure
The study procedures and interventions are reported in detail elsewhere (Herrick et al., 2014; Richards et al., 2011) . A brief description of the experimental timeline is presented in Fig. 1 .
Sleep assessment
A sleep technologist used the Grass Portable Polysomnography System (Astro-Med, West Warwick, RI, USA) to collect the PSG sleep variables. After the 7 weeks of resistance training, PSG data were collected on 2 nights while participants slept in their usual rooms in the nursing or assisted living homes. The first PSG was on the same night after the resistance training session and the second PSG was on the night without a resistance training session during the day. Electroencephalographic recordings were performed using four electrodes placed at C3, C4, O1 and O2 sites, and referred to the contralateral mastoid (A2, A1). Nasal and oral thermistors were used to monitor airflow. In addition, a bilateral anterior tibialis electromyogram to measure leg movement, abdominal and chest bands for establishing position of the trunk and respiratory excursion, and a finger probe for determining oxygen saturation during sleep, were also used (Richards et al., 2011) . Because the majority of participants in the present study had cognitive impairments, interpretation of the sleep parameters was performed according to the international criteria, with two exceptions: (1) all non-REM (NREM) stages were clustered into 'indeterminate NREM sleep' because of the diffuse delta and theta electroencephalogram activity that occurs in persons with cognitive impairment; and (2) for participants without REM drop in muscle tone (a hallmark of REM sleep), conventional scoring criteria for REM atonia were exempted (Bliwise et al., 2000) . Sleep architecture in the present study is defined through the following variables: sleep efficiency, TST, time in bed, time in NREM sleep, time in REM stages, time awake, time until sleep onset, total sleep stage shifts, and REM sleep stage latency.
Exercise intervention
Resistance training
The participants performed only two resistance exercises per session, both an upper and lower body resistance exercise. The upper body exercise consisted of a seated chest-press and the lower body exercise consisted of a seated hipextension-leg-press (Keiser Sports Health Equipment, Fresno, CA, USA; Richards et al., 2011 Figure 1 . Inclusion criteria for selection of secondary analysis data set. RCT, randomized control trial primary data set; EX, resistance training and light walking exercise; EXS, EX with additional social activities; control, received usual care; PSG, polysomnography sleep assessment; 2 assessment night. Only participant that underwent PSG assessment with a day of EX or EXS and a day with no exercise were included in the secondary data analysis. *EXS, SA and Control groups from the original RCT (N = 193) were not included in this secondary analysis.
ª 2017 European Sleep Research Society administered by a trained nurse in the nursing home or assisted living settings. Before exercise, each participant's medical status was examined by their respective primary care physicians to verify if they were medically fit to perform it. One-repetition maximum (1RM) testing was conducted on all participants. The safety of 1RM testing has been established for older adults (Frontera et al., 1988) . Between 14:00 hours and 17:00 hours, the subjects performed three sets of eight repetitions per muscle per group for 20 min with 10 min of warm-up and cool-down. The participants performed the resistance training at 80% of 1RM.
Data analysis
The data were analysed using Microsoft Excel (Microsoft, 2008, Redmond, Washington, USA) and IBM SPSS Statistics for Windows (Version 22.0, IBM, Armonk, NY, USA). For the comparative analysis of the difference between the resistance training and non-resistance training night, a paired t-test was used. A P-value ≤0.05 was considered significant.
RESUL TS
Forty-three institutionalized older adults met inclusion criteria and underwent a resistance training day PSG and a no resistance training day PSG (age 81.5 AE 8.1 years, male = 17, female = 26). The descriptive data of the sample characteristics and the PSG are presented as mean AE standard deviation (Table 1) . The results of the comparative analysis of sleep architecture as defined by the sleep variables showed no significant difference between the resistance training and non-resistance training PSG nights (Table 2) .
DI SCUSSION
In institutionalized older adults, sleep disruption is often increased due to physiological and lifestyle changes, which promotes an environment for greater sleep fragmentation (Chasens et al., 2007; King et al., 2008) . There is growing evidence that both aerobic and resistance training exercise are sleep-enhancing behaviours for older adults in addition to the widely reported health benefits of regular physical activity (Chasens et al., 2007; Passos et al., 2010; Varrasse et al., 2015) . We have previously demonstrated the long-term benefits of exercise and social activity on sleep quality and on obstructive sleep apnea in a group of institutionalized older adults (Herrick et al., 2014; Richards et al., 2011) . However, it is unclear if the chronic benefits of regular resistance training exercise negatively impact same-day sleep architecture, which may affect both the resident and/or place an increased burden of care on nursing staff. In the present study we report no significant differences in the parameters of sleep architecture between a resistance training and non-resistance training day in our group of institutionalized older adults. Our data indicate that resistance training appears to have no acute altering effect on sleep architecture, such as time in REM and NREM sleep, sleep duration, sleep efficiency, sleep stage shifts, and sleep latency in institutionalized older adults. Rather, reported benefits of exercise on sleep in older adults most likely occur over time as a chronic training effect. Our findings extend our understanding on the relationship between sleep and exercise, and begin to describe a null acute effect in older adults (King et al., 2008; Kredlow et al., 2015; Ouslander et al., 2006) . Therefore, our results indicate that resistance training exercises may be administered for a beneficial training effect on long-term sleep continuity with limited risk for a negative impact on same-day sleep and/or any subsequent increase of caregiver burden.
Given that the sleep disturbances, especially in older adults, have implications for reducing cognitive function and daytime functional capacity, it is imperative to understand if exercise-focused interventions, which have been shown to increase functional capacity, pose any sleep quality risks. It is established that aging is associated with several reductions in sleep architecture, such as increased sleep latency, time 
Unspecified, n (%) 12 (27.9) Others, n (%) 4 (9.3) MMSE, Mini-Mental State Examination; n, number of participants. (Chasens et al., 2007; Phillips and Ancoli-Israel, 2001 ). In healthy individuals, acute exercise has been shown to have a modest benefit on TST, SWS and sleep latency (Kredlow et al., 2015) . In our group we observed no acute effect of exercise on any measure of sleep architecture, including TST, sleep efficiency and total sleep stage shifts, suggesting that the resistance training mechanisms that improve sleep are more a result of a cumulative adaptation than an immediate exercise effect in an older group of institutionalized adults. It is likely that the mode and duration of exercise influences sleep directly, generating distinct physiological responses as well as respective adaptations. This exercise mode phenomenon could be attributed to the traditional sleep hypotheses of energy conservation and body restoration, which suggest that the increases in TST and SWS occur as a linear function of increased depletion of energy stores (Driver and Taylor, 2000) . Sustained moderate intensity aerobic exercise (AE) requires greater metabolic activity as compared with the resistance exercise utilized in our study. Therefore, moderate long-duration AE may be an overall greater metabolic strain on the system and may act as a greater mediator of acute sleep architecture. Whereas resistance training as reported in this report most likely has a lower overall caloric load than AE and may not acutely alter sleep the same way, rather it may promote a benefit in sleep through a more long-term training effect (Herrick et al., 2014; Richards et al., 2011) . Also, it has been shown that exercise duration plays a vital role as a mediator in eliciting sleep responses, which may represent a surrogate measure for total exercise energy expenditure (Youngstedt et al., 1997) . It was found that the most reliable effects on TST, amount of REM sleep and REM latency occur with a minimum exercise duration of 1 h (Youngstedt et al., 1997) . Our participants exercised for a duration of 40-45 min as we intended to avoid any risk of injury or muscle tear associated with prolonged exercise duration. Likely, the actual time spent in muscle contraction during the resistance training session was even less than the total exercise session duration reported. For older adults, a shorter resistance exercise session may be preferred to limit any physical strain or risk of injury while still progressing toward a more long-term sleep enhancement. Lastly, our report on resistance training and sleep does not support a generalized comment to all modes and different intensities of exercise in older adults. Thus, further study on the relationship between acute sleep, aging, and resistance and endurance exercise modes is warranted.
There is a limitation to our study, as bias may have resulted from the resistance training PSG always preceding the nonresistance training PSG.
CONCLUSI ON
In the present study, we report no significant differences in acute same-day sleep architecture between exercise and non-exercise days in institutionalized older adults. We conclude that an acute bout of resistance exercise at 80% 1RM does not alter the same-day sleep architecture in institutionalized older adults. We have previously demonstrated that following 7 weeks of resistance training and social activity, sleep architecture was improved and obstructive sleep apnea severity was reduced in institutionalized older adults, and we now report that the beneficial training effect is not at the cost of any acute sleep disruption from resistance exercise (Herrick et al., 2014; Richards et al., 2011) . Our present findings confirm that the gainful effects on sleep are the result of an accumulative exercise adaptation and are not in response to an acute exercise bout. Given the challenges for exercise adherence and patient compliance in clinical care settings, our results may incentivize both older adults and care-giving organizations to engage in resistance training exercise without the prospective for disturbance in their exercising days sleep and an increased burden of care.
